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(57) ABSTRACT

Disclosed 1s a sanitary ware having a photocatalyst layer
which has excellent durability even in an environment where
the photocatalyst layer 1s exposed to an acid and an alkali
alternately. The sanitary ware comprises a glaze layer, an
intermediate layer provided on the glaze layer, and a pho-
tocatalyst layer provided on the intermediate layer, wherein
the photocatalyst layer comprises titanium oxide in the
amount ol 95 mass % to 75 mass % and zirconium oxide 1n
the amount of 5 mass % to 25 mass % and the intermediate
layer comprises silica in the amount of 98 mass % to 85 mass
%, and titanium oxide and/or zirconium oxide in the amount
of 2 mass % to 15 mass %.
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SANITARY WARE HAVING
PHOTOCATALYST LAYER

BACKGROUND OF THE INVENTION

Technical Field

The present invention relates to sanitary ware having a
photocatalyst layer, which has excellent durability. More
specifically, the present invention relates to sanitary ware
having a photocatalyst layer, which has durability even
against repeated washing under different pH conditions such
as acid and alkall.

Background Art

A Tunctional member, which has a photocatalyst layer
provided on a glaze layer surface of a substrate having a
glaze layer and which applies decomposition activity or
hydrophilic activity of the photocatalyst, 1s being used in
various applications. For example, a sanitary ware having a
photocatalytic surface layer formed on 1ts surface 1s known.
Such a sanitary ware can suppress sticking of filth thereto by
virtue ol hydrophilicity exhibited by irradiation of light,
preferably ultraviolet light, on the photocatalyst layer and, at
the same time, can suppress proliferation ol bacteria by
virtue ol decomposition action by the photocatalyst. This
leads to reduction of a load of cleaning the sanitary ware.

As such a photocatalyst layer provided on the glaze layer
surface, a layer comprising titanium oxide and a zirconia
compound has been proposed as having good film strength,
water resistance, or abrasion resistance while maintaining,
good photocatalytic activity (JP 2012-206907A and JP 2014-
69098A).

Although a load of cleaning 1s reduced by the presence of
the photocatalyst layer, the sanitary ware 1s periodically
cleaned and, at which time, 1t 1s common to use a detergent
having an acidic or alkaline pH. Furthermore, the sanitary
ware 1s wiped with a brush and the like 1n order to remove
stains, and thus physical stress 1s applied to the sanitary
ware. The photocatalyst layer 1s required to have perior-
mance to endure such a load during cleaning for a long
period of time, and especially performance not to lose
activity of the photocatalyst and not to peel ofl.

On the other hand, 1n order to form a strong photocatalyst
film, firing at a thigh temperature of 500 to 1000° C. 1is
usually necessary. However, 1t 1s known that under such a
high temperature, alkali 10ns in the glaze of the sanitary ware
disperse and thereby deteriorate the photocatalytic activity.
As a measure against this, 1t 1s known to provide an
intermediate layer, which contains silica and the like as a
main component and suppresses dispersion of the alkali
ions, between the substrate and the photocatalyst layer (for
example, JP H10-235201A, JP HI11-228865A, JP 2001-
152051A, and JP 2003-277056A).

These intermediate layers are, however, mainly aimed at
preventing dispersion of alkalis, and according to experi-
ments conducted by the present inventors, durability of the
photocatalyst layer containing titantum oxide and a zircoma
compound was inferior compared to the present invention.

SUMMARY OF THE

INVENTION

In evaluation of durability of the photocatalyst layer, 1t has
generally been performed to test the photocatalyst layer after
exposure to an acidic liquid alone or exposure to an alkaline
liquid alone. And, when the photocatalyst layer mamtamed
good photocatalytic activity or was hard to peel ofl even
after being exposed to an acidic or alkaline pH alone the
photocatalyst layer was evaluated as having good durabaility.
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However, according to knowledge the present inventors
obtained, there was a case 1n a real use environment where,

for example, cleaning of the sanitary ware 1s performed by
a washing liquid having an acidic pH and thereafter cleaning
with a washing liquid having an alkaline pH 1s performed.
In such a case, durability of the hitherto proposed photo-
catalyst layer was sometimes not suflicient.

The present inventors have found that, when providing a
photocatalyst layer comprising titammum oxide and zirco-
nium oxide on a glaze layer, durability of the photocatalyst
layer can be greatly improved by providing a layer contain-
ing silica as a main component and titanium oxide and/or
Zirconium oxide 1n a specific ratio between the photocatalyst
layer and the glaze layer. In particular, the present inventors
have now found that such a photocatalyst layer shows
excellent durability even 1n a situation that cleaning, where
the photocatalyst layer 1s exposed to an acid and an alkali
alternately, 1s repeated. The present mvention 1s based on
such knowledge.

Accordingly, the object of the present mvention 1s to
provide a sanitary ware having a photocatalyst layer which
has excellent durability, especially, to provide a sanitary
ware having a photocatalyst layer which has excellent
durability even 1in an environment where the photocatalyst
layer 1s exposed to an acid and an alkali alternately.

The samitary ware according to the present invention 1s a
sanitary ware having a glaze layer, an intermediate layer

provided on the glaze layer, and a photocatalyst layer
provided on the intermediate layer, wherein
the photocatalyst layer comprises titanium oxide and

zirconium oxide wherein the amount of titanium oxide 1s 93
mass % to 75 mass % and the amount of zirconium oxide 1s
5 mass % to 25 mass % and

the intermediate layer comprises silica and titanium oxide
and/or zircontum oxide wherein the amount of silica 1s 98
mass % to 85 mass %, and the amount of titanium oxide or
zircommum oxide 1s 2 mass % to 15 mass % when the
intermediate layer comprises either of titantum oxide or
zirconmmum oxide or the total amount of titantum oxide and
zirconium oxide 1s 2 mass % to 15 mass % when the
intermediate layer comprises both titantum oxide and zir-
conium oxide.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Definition

In the present invention, a “sanitary ware” means a
sanitary ware used around toilets and washrooms, and
specifically means a closet bowl, a urinal, a strainer for a
urinal, a toilet bowl tank, a wash basin of a washstand, and
a hand washer. Further, “ware” means, among ceramic
wares, one which has been densified to such an extent that
the body has slight water absorption, and has a glaze applied
on 1ts surface.

In the present invention, “durability” of the photocatalyst
layer 1s used as a term which represents individually or
generally that the photocatalyst layer does not peel off easily
and that temporal deterioration of photocatalytic activity 1s
scarce, but, in particular, 1t 1s used as a term which represents
individually or generally that, when exposed to acidic and
alkaline pH alternately, the photocatalyst layer does not peel
ofl easily and temporal deterioration of photocatalytic activ-
ity 1S scarce.

Acidity means from weak acidity to strong acidity, and
specifically means a pH being 1n a range of 5 or less, and
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alkalinity means from weak alkalinity to strong alkalinity,
and specifically means a pH being in a range of 8 or more.

Sanitary Ware According to the Present Invention

The sanitary ware according to the present mnvention has
a basic structure comprising a substrate, a glaze layer on a
surface thereol, an mtermediate layer provided on the glaze
layer, and a photocatalyst layer provided on the intermediate
layer. And the intermediate layer and the photocatalyst layer
are composed of specific compositions as described below.

The sanitary ware according to the present mvention 1s
excellent 1n durability of the photocatalyst layer, In particu-
lar, the photocatalyst layer exhibits excellent durability even
when placed in such an environment that it 1s exposed to
acidity and alkalinity alternately. As described above, 1n
cvaluation of durability of the photocatalyst layer, 1t has
generally been performed to test the photocatalyst layer after
exposure to an acidic liquid alone or after exposure to an
alkaline liquid alone. However, it was observed that even a
conventional photocatalyst layer, which exhibited suthicient
durability 1n evaluation with an acid or an alkali alone,
showed peeling of the photocatalyst layer or deterioration of
the photocatalytic activity 1n an unexpectedly short time
when placed 1mn an environment where the photocatalyst
layer 1s exposed to acidity and alkalinity alternately. In the
present invention, there 1s provided a sanitary ware having,
a photocatalyst layer which shows improved durability even
when placed 1n such an environment where the photocatalyst
layer 1s exposed to acidity and alkalinity alternately.

Even though the present inventors do not wish to be
bound by a specific theory, the reason why the sanitary ware
according to the present invention 1s excellent 1n durability
of the photocatalyst layer 1s as follows. The photocatalyst
layer comprising titanium oxide and zirconium oxide has a
very low water permeability, and this sometimes allows
water to reach the glaze layer surface of the sanitary ware.
When the pH of the water changes alternately between
acidity and alkalinity, the following reactions are acceler-
ated. First, by acidic water, metal elements 1in the glaze such
as potassium, calcium, magnesium, zinc, and the like are
cluted, and when alkaline water reaches this eluted portion,
it cleaves S1—S1 bonds 1n the vicinity. By repetition of these
reactions, binding between the glaze layer and the photo-
catalyst layer becomes weak and, in the worst case, the
photocatalyst layer peels off. In the present invention, the
intermediate layer 1s thought to make the glaze surface and
the photocatalyst layer bind to each other strongly while
inhibiting infiltration of this slight amount of water. The
above explanation 1s only an assumption, and the present
invention 1s not limited by this.

Photocatalyst Layer

The photocatalyst layer of the sanitary ware according to
the present invention comprises titantum oxide and zirco-
nium oxide in amounts of 95 mass % to 75 mass % and 3 to
25 mass %, respectively. As for the content of titanium
oxide, 1its preferable lower limit 1s 80 mass % and 1its
preferable upper limit 1s 90 mass %. And as for the content
of zircontum oxide, its preferable lower limit 1s 10 mass %
and 1ts preferable upper limit 1s 20 mass %.

In the present invention, titanium oxide 1s not particularly
limited as long as 1t has photocatalytic activity, and may be
either of anatase type and rutile type, with the anatase type
being preferable.

In the present invention, a film thickness of the photo-
catalyst layer may be determined suitably in consideration of
required photocatalytic activity and other various character-
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1stics, but 1s preferably about 50 nm to 150 nm, with more
preferable upper limit being 120 nm.

Intermediate Layer

In the sanitary ware according to the present invention,
the intermediate layer 1s provided between the glaze layer of
the sanitary ware and the photocatalyst layer, and comprises
silica, and titanium oxide and/or zirconium oxide. A content
of the silica 1s 1n a range of 98 mass % to 85 mass %, and
its preferable upper limit 1s 95 mass % and 1ts preferable
lower limit 1s 90 mass %. Furthermore, the content of
titanium oxide or zirconium oxide 1s 1n a range of 2 mass %
to 15 mass % when he mtermediate layer comprises either
of titanium oxide or zirconium oxide and contents of the
fitamium oxide and the zirconium oxide are, as a total of
these when the mntermediate layer comprises both, 1n a range
of 2 mass % to 15 mass %, and 1ts preferable upper limait 1s
10 mass % and 1ts preferable lower limit 1s 5 mass %.

In the present invention, a {ilm thickness of the interme-
diate layer may be suitably determined in a range such that
durability of the photocatalyst layer 1s increased, but is
preferably about 30 nm to 150 nm, with more preferable
upper limit being 120 nm.

Sanitary Ware
Sanitary Ware Body
The earthenware body of the sanitary ware according to the
present invention 1s not particularly limited and may be a
usual sanitary ware body. Further, below the outermost
photocatalyst layer having the aforementioned surface prop-
erties, there may be provided a glaze layer which becomes
an interlayer.

Production Method

The samitary ware according to the present invention can
preferably be produced by the following method. That 1s,
first, an earthenware body 1s obtained by molding a slurry
for the sanitary ware body 1n a suitable shape by using cast
molding utilizing a water-absorbing mold, the slurry being
prepared by using silica sand, feldspar, clay, and the like as
raw materials. Thereafter, the above-described glaze raw
material 1s coated on a dried surface of the molded article by
suitably selecting a common method such as spray coating,
dip coating, spin coating, roll coating, and the like. The
obtained molded article having a precursor layer of the
surface glaze layer 1s then fired. The firing temperature 1s
preferably a temperature of 1,000° C. or more and 1,300° C.
or less, where the earthenware body 1s sintered and the glaze
1s softened.

Glaze

A glaze which forms the glaze layer of the sanitary ware
according to the present invention 1s not limited in 1ts
composition as long as the above-described surface proper-
ties can be realized. In the present invention, a glaze raw
material 1s generally defined as a mixture of natural mineral
particles such as silica sand, feldspar, lime stone, and the
like. Furthermore, a pigment refers to, for example, a cobalt
compound, an 1ron compound, and the like, and an opalizer
refers to, for example, zirconmium silicate, tin oxide, and the
like. An amorphous glaze refers to a glaze prepared by
melting a glaze raw material comprising a mixture of the
above-described natural mineral particles and the like at
high temperature, and thereafter vitrifying the same by
quenching. For example, a irit glaze can be used suitably.

According to a preferable embodiment of the present
invention, a preferable glaze composition comprises, for
example, 10 wt % to 30 wt % of feldspar, 15 wt % to 40 wt
% of silica sand, 10 wt % to 25 wt % of calcium carbonate,
less than 10 wt % each of corundum, talc, dolomite, and zinc
oxide, and a total of 15 wt % or less of opalizer and pigment.
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Method for Producing Sanitary Ware According to the
Present Invention

The sanitary ware according to the present mvention 1s
produced by forming an intermediate layer and a photocata-
lyst layer on a glaze layer of a sanitary ware. The interme-
diate layer and the photocatalyst layer are formed in prin-
ciple by firing silica, and titantum oxide and/or zirconium
oxide, or precursors of these on the glaze layer, and by firing
titanium oxide and zirconium oxide, or precursors of these
on the intermediate layer. Here, firing for forming the
intermediate layer and the photocatalyst layer may be per-
formed each time after coating respective layers or these
layers may be formed by firing at the same time. According
to a preferable embodiment of the present invention, the
intermediate layer and the photocatalyst layer are prepared
as coating liquids comprising the above-described compo-
nents, and are formed by coating and thereatiter firing them.

According to one embodiment of the present invention,
the photocatalyst layer can be produced by applying, pret-
erably coating, a coating liqud comprising titamum oxide
and zircontum oxide, or comprising precursors of these, and
thereatter firing the coating liquid. According to a preferable
embodiment of the present invention, there 1s used a coating
liquid comprising a titanium alkoxide and a zirconium
alkoxide as precursors of titanmium oxide and zirconium
oxide, respectively, and a photocatalyst layer 1s obtained by
firing this.

In the present invention, as a precursor of titanium oxide,
there can suitably be used titantum alkoxides and titanium
chelates. The titammum alkoxides are basically represented by
a general formula, T1(OR),, and are not limited as long as
they produce photocatalytic titantum oxide by hydrolysis. A
part of the (OR) in the formula may be substituted with
acetylacetonate (C;H-O,) and ethyl acetoacetate (C.H,O,).
According to a preferable embodiment of the present inven-
tion, the titantum alkoxide 1s one having a lower (preferably
C,_) alkyl group as an organic group R portion of the
alkoxide (RO—). As preferable specific examples thereof,
there may be mentioned tetracthoxytitanium, tetraiso-
propoxytitanium, tetra-n-propoxytitanium, tetrabutoxytita-
nium, tetramethoxytitanium, titanium diisopropoxy bis
(acetylacetonate),  titantum  dusopropoxy  bis(ethyl
acetoacetate), and mixtures of these. Further, as the titanium
chelate, there may be mentioned, for example, titanium
tetraacetylacetonate.

Further, as the precursor of zicomum oxide, there can be
suitably used zircomium alkoxides and zirconium chelates.
The zircontum alkoxides are basically represented by a
general formula, Zr(OR),, and are not particularly limited as
long as they produce zircomum oxide by hydrolysis. A part
of the (OR) 1n the formula may be substituted with acety-
lacetonate (C.H-O,) and ethyl acetoacetate (C.H,O,).
According to a preferable embodiment of the present inven-
tion, the zirconium alkoxide 1s one having a lower (prefer-
ably C,_s) alkyl group as an organic group R portion of the
alkoxide (RO—). As preferable specific examples thereof,
there may be mentioned zirconium tetracthoxide, zirconium
tetraisopropoxide, zirconium tetrabutoxide, zirconium tribu-
toxy monoacetylacetonate, zircontum dibutoxy bis(ethyl
acetoacetate), zirconium monobutoxy acetylacetonate bis
(ethyl acetoacetate), and mixtures of these. Further, as the
zircontum chelate, there may be mentioned, for example,
zircontum tetraacetylacetonate.

In the present invention, the intermediate layer can be
produced by applying, preferably coating, a coating liquid
comprising silica, and titammum oxide and/or zirconium
oxide, or precursors ol these, and thereafter firing the
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coating liquid. According to a preferable embodiment of the
present invention, as a precursor of silica, there may be

mentioned alkyl silicates such as methyl silicate, ethyl
silicate, and the like, and polymers of these. Furthermore, as
precursors of titantum oxide and zirconium oxide, there may
preferably be used those exemplified for the photocatalyst.
Furthermore, as a solvent of the coating liguid, there may
be mentioned alcohols such as ethanol, 1sopropanol, normal
butanol, and the like; cellosolves such as methyl cellosolve,
butyl cellosolve, and the like; aromatic hydrocarbons such
as toluene, xylene, and the like; and esters such as ethyl
acetate, butyl acetate, and the like, but the solvent i1s not
particularly limited as long as 1t 1s a solvent 1n which the
titanium alkoxides and the zirconium alkoxides are soluble.
To the coating liquid, there may be added, in addition to
the above components, surfactants such as, for example, a
levelling agent for improving uniformity of a coating layer.
Application of the coating liquid to the sanitary ware may
preferably be carried out by a commonly widely performed
method such as brush coating, roller, spray, roll coater, flow
coater, dip coat, flow coating, screen printing, and the like.
The sanitary ware, to which the coating liquids for form-
ing the intermediate layer and the photocatalyst layer are
applied, 1s subjected to a firing step. Firing can be carried out
first for the intermediate layer and thereafter for the photo-
catalyst layer, but according to a preferable embodiment of
the present invention, they are calcined at the same time.
Conditions for firing may be determined suitably but, for
example, firing may be suflicient 1f carried out at a tempera-
ture of 700 to 900° C. for about 5 hours, preferably at a
temperature of 750 to 850° C. for about 0.5 to 3 hours.
As 1s clear from the foregoing, according to a preferable
embodiment of the present invention, there 1s provided a
method for producing the sanitary ware of the present
invention. The method comprises steps of: coating a coating
liquid on a glaze layer of a sanitary ware, the coating liquid
being obtained by mixing a silicon alkoxide or a hydrolysis
product thereof, and a titanium alkoxide and/or a zirconium
alkoxide; further coating a coating liqumd containing the
precursor of titammum oxide and the precursor of zircontum

oxide; and thereafter firing the coating liquids at a tempera-
ture of 750 to 850° C.

EXAMPLES

The present mnvention will be described specifically based
on the following examples, but the present invention 1s not
limited 1n any way by these examples.

Preparation of Coating Liquid for Forming Intermediate
Layer

A silica alkoxide (a hydrolysis liquid of an alkoxysilane,
produced by Colcoat. Co., Ltd.), and a titanmium alkoxide
(titanium  dusopropoxy bis(acetylacetonate), NDH-510C,
produced by Nippon Soda Co., Ltd.) or a zirconium alkoxide
(compound name: zirconium tributoxy monoacetylaceto-
nate, product name: ORGATIX Z(C-540, produced by Mat-
sumoto Fine Chemical Co., Ltd.) were mixed so that a
weight ratio of the solid contents after firing became the ratio
described 1n the following Tables. Subsequently, the mixture
was diluted with a mixed solvent of 2-propanol (80%) and
methyl cellosolve (20%) so that a solid content after firing
became 0.5%, and the diluted liquid was mixed by a stirrer.
The mixed liquid obtained was allowed to stand for 1 hour
or more, and this was used as a coating liquid for forming
an intermediate layer.

Preparation of Coating Liquid for Forming Photocatalyst
Layer
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A titammum alkoxide (compound name: titamum diiso-
propoxy bis(acetylacetonate), product name: NDH-510C,
produced by Nippon Soda Co., Ltd.) and a zirconium
alkoxide (compound name: zirconmium tributoxy monoacety-
lacetonate, product name: ORGATIX ZC-340, produced by
Matsumoto Fine Chemical Co., Ltd.) were mixed so that a
welght ratio of the solid contents of titantum oxide/zirco-
nium oxide after firing became the ratio described in the
following Tables. Subsequently, the mixture was diluted
with a mixed solvent of 2-propanol (80%) and methyl
cellosolve (20%) so that a solid content after firing became
0.5%, and the diluted liquud was mixed by a stirrer. The
mixed liquid obtained was allowed to stand for 1 hour or
more, and this was used as a coating liquid.

Preparation of Ceramic Tile

Ceramic raw materials were cast molded to obtain a body,
and on a surface of this body, a glaze was coated by using
a hand spray gun (F100, manufactured by Meijn Air Com-
pressor MFG. Co., Ltd.). Subsequently, the coated body was,
while being heated and cooled gradually, calcined by being
passed through a tunnel kiln set at a maximum temperature
of 1180° C. over a 24-hour period to obtain a ceramic tile.
In addition, as the glaze, there was used one having a
composition in the following range:

S10,: 35 to 80 wt %
Al,O5: 5 to 13 wt %
Fe,O5: 0.1 to 0.4 wt %
MgQO: 0.8 to 3 wt %
Ca0O: 8t0 17 wt %
/n0: 3 10 8 wt %

K,O: 1104 wt %
Na,O: 0.5 to 2.5 wt %
/rO: 0.1 to 15 wt %
Pigment: 0.01 to 5 wt %

Formation of Intermediate Layer

The coating liquid for forming an intermediate layer
obtained above was coated on a surface of the ceramic tile
obtained above by using a hand spray gun (F100, manufac-
tured by Meijn Air Compressor MFG. Co., Ltd.) while
controlling the coating amount so that the film thickness
after firing became 50 nm.

Formation and Firing of Photocatalyst Layer

The coating liguid for forming a photocatalyst layer
obtained above was coated on a surface of the ceramic tile
obtained above, on which the coating liquid for forming an
intermediate layer had been coated, by using a hand spray
gun (F100, manufactured by Mei1j1 Air Compressor MFG.
Co., Ltd.) while controlling the coating amount so that the
film thickness after firing became 50 nm.

Subsequently, the coated ceramic tile was, while being
heated and cooled gradually, calcined by a high-temperature
clectric furnace (FUH732DA, manufactured by Advantec
Co., Ltd.) set at a maximum temperature of 800° C. over a
24-hour period to obtain a photocatalyst coated tile.
Photocatalytic Activity
Photocatalytic activity of the photocatalyst coated tile was
evaluated in terms of a methylene blue decomposition index
in accordance with JIS R1703-2. The result was evaluated
based on the following criteria:

Decomposition mdex 1s 7 or more: Good

Decomposition mdex 1s 5 or more and less than 7: Fair

Decomposition mndex 1s less than 5: Poor

The results are as shown 1n the following Tables.

Acidity and Alkalinity Resistance Test

There was prepared a test device which discharges acidic
water (pH 3.5) and alkaline water (pH 9.5) each for 10

seconds alternately at 2-minute intervals, and below the
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flowing water of the device, there was placed the photocata-
lyst coated tile. Hereat, application of both acidic water and
alkaline water was defined as 1 cycle.

After a prescribed number of cycles elapsed, a tape peel
test was performed based on JIS K5600-5-6. The result was
evaluated based on the following critera:

No peeling at 14000 cycles: Excellent

Peeling at from more than 10000 cycles to 14000 cycles:
Good

Peeling at from more than 6000 cycles to 10000 cycles: Fair
Peeling at 6000 or less cycles: Poor
The results are as shown in the following Tables.

Sliding Resistance Test

A shding resistance test of the photocatalyst coated tile
was performed by using a rubbing tester (manufactured by
Tather Rika Co., Ltd.). A urethane sponge (Scotch-Brite
(SS-72K, produced by Sumitomo 3M Ltd.)) was cut into a
2.24 c¢cm square piece, which was adhered to a head of the
tester by using a double-sided adhesive tape so that the
non-woven cloth portion touches the shiding surface and
thereafter was moistened with water. Subsequently, a weight
of 250 g (loading condition: 5 kPa) was placed on the head,
which was slided against the tile a prescribed number of
times, and presence or absence of scratches on the tile
surface was visually confirmed. The urethane sponge was
replaced with a new one every 1000 times of sliding. The
result was evaluated according to the following criteria:

No scratch visually recognized after 20000 times of sliding;:
Excellent

Scratches visually recognized after from more than 10000
times to 20000 times of sliding: Good

Scratches visually recogmized after from more than 2000
times to 10000 times of sliding: Fair

Scratches visually recognized after 2000 or less times of
sliding: Poor.

The results were as shown in the following Tables.

In addition, the numerical values in the Tables represent
mass % or values based thereon.

TABLE 1
Photocatalyst Intermediate Photo- Acid/base Sliding
layer layer catalyst durability resistance
T102/7r02  S102/T102 activity  test test

Example 90/10 95/05 Good Excellent Excellent
Al
Example 90/10 90/10 Good Excellent Excellent
A2
Example 80/20 98/2 Good Excellent Excellent
A3
Example 80/20 95/35 Good Excellent Excellent
A4
Example 80/20 90/10 Good Excellent Excellent
A5
Example 95/5 98/2 Good Good Good
A6
Example 95/5 85/15 Good Good Good
ATl
Example 75/25 98/2 Good Excellent Excellent
A%
Example 75/25 85/15 Good Good Excellent
A9



Comparative
Example Al
Comparative
Example A2
Comparative
Example A3
Comparative
Example A4
Comparative
Example A5
Comparative
Example A6
Comparative
Example A7
Comparative
Example A%
Comparative
Example A9
Comparative
Example A10
Comparative
Example All
Comparative
Example Al12
Comparative

Example Al13
Comparative
Example Al4
Comparative
Example Al5
Comparative
Example Alb6
Comparative
Example Al7

Photo-
catalyst
layer

T102/7Zr02  S102/Ti02

100/0

100/0

100/0

100/0

95/5

90/10

80/20

80/20

80/20

70/30

75/25

100/0

70/30

100/0

70/30

95/5

75/25
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Photocatalyst Intermediate Photo-

Example
Bl

Example
B2
Example
B3
Example
B4
Example
B35
Example
B6
Example
B7

Example
B¥

Comparative
Example Bl
Comparative
Example B2
Comparative

layer

T102/Zr0O2

90/10

90/10

80/20

80/20

95/5

75/25

95/5

75/25

Photo-

catalyst

layer

T102/72102

100/0

95/5

90/10

TABLE 2

Inter-
mediate  Photo-  Acid/base

layer catalyst durability

activity test
100/0 Good Poor

95/5 Poor Good
90/10 Good — —

80/20 Good Poor
100/0 Good Good
100/0 Good Poor
100/0 Fair Poor

80/20 Good Excellent
(None)  Good Poor
95/5 Poor Excellent
100/0 Good Poor
9%8/2 Poor Fair
9%8/2 Poor Excellent

85/15 Good Fair

85/15 Poor Good

80/20 Good Poor

80/20 Fair Excellent

TABLE 3

Acid/base

layer catalyst durability
S102/7r02 activity  test

95/5 Good Excellent

90/10 Good Excellent

95/5 Good Excellent

90/10 Good Excellent

98/2 Good Fair

9%8/2 Good Fair

85/15 Good Good

85/15 Good Fair

TABLE 4

Inter-
mediate  Photo-  Acid/base

layer catalyst durability

S102/7r02 activity  test
100/0 Good Poor
100/0 Good Good
100/0 Good Poor

Sliding
resis-
tance
test

Poor
Excel-
lent
Poor
Poor
Poor
Fair
Excel-

lent
Poor

Good

Excel-

lent
Good

Good

Excel-
lent
Poor

Excel-
lent
Poor

Poor

Sliding
resistance
test

Excellent
Excellent
Excellent
Excellent
Good
Good

Good

Fair

Sliding
resis-
tance
test

Poor
Poor

Fair
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Example B3
Comparative
Example B4
Comparative
Example B5
Comparative
Example B6
Comparative
Example B7
Comparative
Example B8
Comparative
Example B9
Comparative
Example B10
Comparative
Example B11

Comparative
Example C1
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TABLE 4-continued

Photo-
catalyst
layer

T102/7r02  S102/7:02

80/20
75/25
100/0
70/30
100/0
70/30
95/5

75/25

Photo-
catalyst
layer

Inter-

mediate

layer

100/0

100/0
98/2
9%8/2
85/15
85/15
80/20

80/20

TABLE 5

Inter-

mediate

layer

Photo-
catalyst
activity
Fair
Good
Good
Poor
Good
Poor

Good

Good

Photo-
catalyst

T102/7r02 S102/A1203 activity

80/20

95/3

Good

Acid/base
durability
test

Poor
Poor
Poor
Fair
Poor
Good
Fair

Poor

Acid/base
durability
test

Poor

Sliding
resis-
tance
test

Excel-
lent
Good

Poor

Excel-
lent
Poor

Excel-
lent
Poor

Poor

Sliding
resis-
tance
test

Excel-
lent

1. A sanitary ware comprising a substrate, a glaze layer
comprising natural mineral particles provided on the surface
thereol, an intermediate layer provided on the glaze layer,
and a photocatalyst layer provided on the intermediate layer,

wherein the photocatalyst layer comprises titanium oxide

and zirconium oxide wherein the amount of titanium
oxide 1s 95 mass % to 75 mass % and the amount of
zirconium oxide 1s 5 mass % to 25 mass % and

the intermediate layer comprises silica and titanium oxide

and/or zircontum oxide wherein the amount of silica 1s
98 mass % to 85 mass %, and the amount of titanium
oxide or zirconium oxide 1s 2 mass % to 15 mass %
when the intermediate layer comprises either of tita-
nium oxide or zirconium oxide or the total amount of
titanium oxide and zirconium oxide 1s 2 mass % to 15
mass % when the intermediate layer comprises both

titamium oxide and zirconium oxide.

2. The sanitary ware according to claim 1, wherein the
intermediate layer comprises silica and titanium oxide,
wherein the content of the silica 1s 90 to 98 mass %, and the
content of the titanium oxide 1s 2 to 10 mass %.

3. The sanitary ware according to claim 2, wherein the
content of the silica 1s 90 to 95 mass %, and the content of
the titanium oxide 1s 5 to 10 mass %.

4. The sanitary ware according to claim 1, wherein the
intermediate layer comprises silica and zirconium oxide, and
the content of the silica 1s 90 to 98 mass %, and the content
of the zirconium oxide 1s 2 to 10 mass %.

5. The sanitary ware according to claim 4, wherein the
content of the silica 1s 90 to 95 mass %, and the content of
the zirconium oxide 1s 5 to 10 mass %.

6. The sanitary ware according to claim 1, wherein, 1n the
photocatalyst layer, the content of the titanium oxide 1s 90 to
80 mass %, and the content of the zirconium oxide 1s 10

mass % to 20 mass %.
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7. The sanitary ware according to claim 1, wherein the
intermediate layer has a thickness Of 50 to 150 nm.
8. The sanitary ware according to claim 1, wherein the
photocatalyst layer has a thickness of 50 to 150 nm.
9. A method for producing the sanitary ware according to
claim 1, comprising the steps of:
coating a coating liquid on the glaze layer of the sanitary
ware, the coating liquid being obtained by
mixing a silicon alkoxide or a hydrolysis product thereof,
and a titanium alkoxide and/or a zirconium alkoxide;
further coating a coating liquid containing the precursor
of titantum oxide and the precursor of zirconium oxide;
and

firing the coating liquids at a temperature of 750 to 850°
C.

10
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